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Facing the growing aging population in many countries of the world, 
healthcare-related technologies become increasingly important, representing 
a possible solution to the soaring overstrained health care systems and 
dwindling number of caregivers.  Though, a user-centred and sensible 
integration of medical technology in home environments is highly 
challenging, especially when focusing on the group of old and frail users.  
Their specific needs and wants as well as their (dis)abilities and limitations 
have to be carefully considered, in order to reach full acceptance and a 
successful rollout of e-health applications in home environment. In this 
paper, the demands of contemporary ergonomics and human factors as 
discipline are outlined against the background of the upcoming societal 
challenges, taking medical technologies in smart homes as an example.  
Introduction  
The 21st century will confront us with completely new generations of technologies, 
services, and products based on computer technologies.  In the next decennia new 
generations of interfaces have to master fundamental societal and technological 
challenges: (1) a graying society, with an increasingly aged work force (2) short 
technological life cycles triggered by fast changing technological systems and resulting in 
fast changing mental models of technology (3) an increase in the complexity of 
technologies to be handled by diversely skilled workers (4) the seamless integrating of 
technology into our living spaces with the requirements of understanding the impact of 
invisible technology (respecting acceptance issues, intimacy and privacy).  For modern 
societies, it is a fundamental question how technology and technical interfaces will meet 
these challenges.  Current trends like ubiquitous embedded technologies and personalized 
technical devices in completely different technical and social environments promote 
ergonomics and human factors to one of the key disciplines of the century. 
The Role of Ergonomics and Human Factors as for future technically 
enhanced environments 
Since its beginnings, ergonomics and human factors always had a responsible position for 
consideration of human needs in work environments.  Facing the current problems of 
quality of life threats present in modern societies all over the world, ergonomics and 
human factors will have a have to take over still higher responsibility. Beginning with a 
short retrospection into the history of ergonomics and human factors and the benefits of 
the continuous efforts over time, it is described which specific challenges arise for a 
responsible of ergonomics and human factors discipline in the near future.  
Ergonomics and Human factors in the Past 
For a considerably long time, ergonomic efforts had been impacting the quality, 
productivity and safety of human work (Ziefle & Jakobs, 2010).  Looking back to the 
historical roots, the first evidence of ergonomics can be found as early as in 1857:  
Wojciech Jastrzebowski stuck up for humane working environments, referring to the 
calamitous work conditions of the early industrial period (Karwowski, 2001).  In 1911, 
the first industrial studies appeared across Europe, addressing industrial health, and safety 
issues (Taylor, 1911), and, in the upcoming years, human factors and ergonomics became 
key issues worldwide (U.K., France, Germany, Sweden, Netherlands, USA, and Japan).  
In 1957 the Human Factors Society, 1961 the International Ergonomics Society were 
founded.  Both world-wide acting institutions are influential and active until today.  With 
the increasing automation in the 1960s, a further keystone was the introduction of 
standardizations, legalizations and international certifications of health and work safety, 
until today a major component of industrial productions and quality management.  
Parallel to the penetration of personal computers in working and private areas, in 1982, 
the Association for Computing Machinery (ACM) launched the International Conference 
of Human Computer Interaction (CHI) and further promoted the development of new 
technical concepts and interface designs with a strong emphasize on usability. 
Today, the importance of ergonomically designed working environments for employees, 
employers, and societies is undisputed.  Also, there is considerable knowledge that allows 
the conceptualization and designs of usable as well as useful human-machine interfaces. 
However, beyond this enormous progress, there are a number of critical pitfalls and 
crucial requirements to be considered for future ergonomic efforts meeting the new 
societal challenges (Baecker, 2008; Myers et al., 1996; 2002; Ziefle & Jakobs, 2010) 
The broadening of the ergonomic perspective 
A long time ergonomics and human factors have been discussed from a dominantly 
functional perspective.  According to ISO 9241 (1997), the pragmatic aspects of 
technology, covered by the term “usability”, are measured by effectiveness (how 
successful is the interaction), efficiency (how fast is the interaction), and satisfaction 
(how satisfied are users when interacting with the interface).  Though, facing the 
complexity of future interface designs as well as an increasing diversity of users, using 
contexts, and technology types, the concentration on pragmatic aspects falls short. 
Traditional approaches and human factors practices usually do not reflect the importance 
of positive emotions (Blythe et al., 2004; Hassenzahl, 2004; Norman, 2004). We have 
reached a turning point of HCI, which requires a broadening of the focus.  
In this perspective, the quality of “good interfaces” relies on more than the orientation on 
performance aspects.  Rather, usability should be described as a complex out of 
pragmatic aspects (attributes emphasizing the fulfillment of individuals’ productivity), 
but at the same time affective and hedonic aspects (attributes emphasizing individuals’ 
well-being, pleasure and fun when interacting with technology).  To this end, the 
relationship of users and technological product is of importance and the making sense of 
user experience.  Both are highly needed facing that information and communication 
technology moves out of the office and into every-day-life.  Modern ergonomics and 
human factors approaches should systematically address hedonic (non-utilitarian) 
requirements in combination with goal-oriented requirements (Hassenzahl, 2004; Monk 
et al., 2002).  
Beyond affective and hedonic computing, which is not yet fully included as an inherent 
component of ergonomics and human factors, communicative usability as a distinct 
usability component is not established (Ziefle & Jakobs, 2010).  We all know from daily 
experience that the communication with technology is one of the most sensitive parts in 
the interaction between humans and technology.  Users are frustrated when confronted 
with unreasonably structured information, an inappropriate naming of functions and 
terms, with unclear or even unknown vocabulary, vague instructions, inscrutable 
dialogues, and missing feedback (Jakobs & Villiger, 2004).  However, the role of 
communication in technical designs will still be larger, considering that technology 
becomes increasingly invisible and users have to communicate with interfaces that are 
deeply integrated into their private spheres.  How do users communicate with invisible 
technology?  How can the dialogue between users and technology be broadened to other 
communicative means than merely written dialogues?  How can natural communication 
means, facial expressions, gestures or body movements be included in the 
communication?  Which channels of communication and interaction techniques are most 
effective for signaling instructions, alarms, or information? How can individual, 
cognitive, affective and cultural specificity included into the human-technology 
communication?  What role do trust, fear, alienation and isolation play in the acceptance 
of different social groups in adapting new technologies?  What role do sensitive 
emotional barriers play, as violations of intimacy, vulnerability, dignity and how can 
these personal factors be adequately considered by a sensitive communication design?. 
The consideration of increasing users’ diversity and using contexts 
As opposed to the past, when mostly sophisticated and technology prone professionals 
were the typical end-users of technical products, now broader user groups have access to 
technology (Arning & Ziefle, 2009 a,b).  Still, the development of technology seems to 
be limited to dominantly young, technology experienced, Western, middle- and upper 
class males (Maguire & Osman, 2003, Tedre et al., 2006).  Although there is vital 
importance of ensuring that technical products are both usable and appropriate for a 
diverse user group, recognition of the importance of diversity is only slowly influencing 
mainstream usability studies.  Design approaches thus have to undergo a radical change 
taking current societal trends into account, which have considerable impact for the 
inclusion of a diverse user group.  
Ageing: A first impact is related to the profound demographic change with an 
increasingly aging population across many nations. Increasingly more and older adults 
will be confronted with a broad range of technology, and urged to understand, learn and 
use it.  Older users face difficulties in learning and using new computer applications 
(Arning & Ziefle, 2007; 2009 a,b; 2010; Ziefle & Bay, 2005, 2006).  Contrary to current 
stereotypes, according to which older users are unable or unwilling to learn new 
technologies, they are indeed interested to become acquainted with new technology 
(Melenhorst et al., 2001; 2006).  Even though they do have higher demands on usable 
interface designs, technological developments are still often realized without considering 
needs of this user group (Harrison & Rainer, 1992; Tuomainen & Haapanen, 2003).  
Cultural diversity: A second impact regards the discussion of the interaction of 
technology, society and culture.  Up to now there is a notable lack of knowledge on how 
society and culture affect the design of technology, and ergonomics and human factors as 
part of it.  Instead, interface designs are generally treated as culturally neutral.  However, 
technology systems are neither developed nor used in isolation, they are socially 
produced, and culturally informed.  Therefore, the design of technologies should fit to the 
specific needs of a culture and society (Bucher, 2004; Choon, 2005; Rogers, 2009; Tedre 
et al., 2006).  
Diffusion and ubiquity of technology: The third impact is the ongoing diffusion of 
technical devices.  Applications like electronic services are deeply integrated into daily 
life.  Although these technologies are supposed to be accessible to everyone, a gap 
between those, who are “computer-literate” and those, who are not (predominantly older 
users) is emerging.  It should be kept in mind that older users differ considerably with 
regard to their needs, abilities and competencies (Argrawal & Prasad, 1999; Wilkowska 
& Ziefle, 2010; Ziefle & Bay, 2008).  In order to address elderly users as a growing 
market segment, age-sensitive interface designs are needed, that allow user of different 
ability levels to interact with new technical applications. 
Technology types: As a forth impact, the technology itself has changed considerably over 
time.  While twenty-five years ago, stationary computers were the state-of-the art-
technology, today, mobile wireless communication technologies are predominant.  The 
concept of mobile devices and networking completely changed the hitherto existing 
technical concept.  Mobile devices are often miniaturized with a small display, but a huge 
functionality, providing on-the-go lookup and entry of information, quick communication 
and instant messaging (Weiser 1991).  Mobile technologies are expected to specifically 
support older adults in their daily needs (e.g. medical monitoring, navigation, memory 
aids, and personal data management).  Also, mobile devices are increasingly used in 
ambient intelligent environments, in which devices are communicating with remote 
computers, sometimes integrated in clothing, furniture or walls (Leonhardt, 2006; Weiser, 
1991; Ziefle et al., 2010).   
Technology cycles: At the same time, technology innovation cycles become increasingly 
faster.  This is aggravating the situation especially for older adults, as the understanding 
of how technology works is to a large extent formed by upbringing and socio-cultural 
factors.  Older adults were educated in times when technical devices were far less 
ubiquitous and complex.  A mental model of how technology works, built in a former 
time, should interfere with, or at least should not be sufficient for, proper interaction with 
devices currently available (Ziefle & Bay, 2004; 2006; Ziefle et al., 2007).  
It is a central claim that human technology interfaces are designed to be in line with older 
users’ specificity and diversity (Arning & Ziefle, 2007a, Wyeth, 2001).  Design 
approaches should therefore take the user-perspective seriously.  The duty of further 
efforts, whether it is in research, science, industry or application fields, is to fill the 
knowledge gap, and to systematically integrate user diversity —age, gender, social and 
cultural factors—into usability approaches.  This especially applies to sensitive using 
contexts, as the medical technology sector (Gaul et al., 2010; Wilkowska et al., 2010, 
Ziefle & Schaar, 2011). 
Challenges of user-centered designs in the medical care sector 
The consequences of the demographic change are especially visible in the health care 
sector: Increased life expectancy, improved medical healthcare as well as reduced fertility 
rates lead to a growing number of frail older people, who will need medical treatments 
and long term care provided by official health care systems (Leonhardt, 2006; Wilkowska 
& Ziefle, 2010).  One of the central challenges for political and health care systems in the 
21st century is therefore to master the demands of an aging society (Arning & Ziefle, 
2009a; Rogers, 2009, Stronge et al., 2009).  
New technical developments in the healthcare sector 
Electronic health technologies will play an increasingly important role in the coming 
years, as more and more older people will require medical care and support (Leonhardt, 
2006; Warren & Craft, 1999; Weeks et al., 2005; Wyeth et al., 2001).  Electronic 
healthcare (ehealth) technologies support the interaction between patients and health 
service providers, institution-to-institution transmission of data, and peer-to-peer 
communication between patients and health professionals (Arning & Ziefle, 2009b; Gaul 
& Ziefle, 2009).  The spectrum of emerging technical applications covers a broad variety 
of developments, reaching from internal technologies (implants for monitoring 
physiological signals) over devices integrated into clothes (wearable technologies) to 
healthcare robots or smart home technologies, which support older people in keeping up 
independent living (Demiris et al., 2008; Gaul & Ziefle, 2009; Kasugai et al., 2010; 
Meyer & Mollenkopf, 2003; Ziefle & Röcker, 2010).  These innovative smart care 
technologies promise to deliver significant improvements in access to care, quality of 
care, and the efficiency and productivity of the health sector (Czaja et al., 2008; 
Holzinger et al., 2010; Kleinberger et al., 2007; Mynatt & Rogers, 2002; Mynatt et al., 
2004). 
Barriers for a successful rollout of medical and health care technologies   
Though the development in medical technology is impressing, nevertheless, practical 
experience shows that the brilliance and novelty of technical solutions does not guarantee 
the successful diffusion of these innovations.  So far, research on medical technology is 
mostly dominated by technical, medical and economic disciplines.  The same applies for 
developments of medical products, which are predominately guided by medical necessity, 
technical feasibility, as well as legal matters and economic interests.  In contrast, aspects 
of humans’ technology acceptance as well as the detailed study and the willingness of 
understanding individual usage motives and barriers are mostly disregarded, or even 
underestimated within technical development so far.  Medical technology - especially in 
the home-care and rehabilitation sector - can only fully deploy its huge potential for 
graying societies, if acceptance issues of medical applications are adequately considered 
and addressed.  Usable interfaces, a full acceptance and a broad understanding of these 
technologies as well as slick user experience will be critical factors for acceptance, 
sustainability and competitive capacity of any mobile technical system.  
In order to reach a high degree of user acceptance, not only the technical and engineering 
part is of importance, but also the human aspects of these technologies, and the way these 
technologies meet the wants and needs of users regarding privacy, dignity, and their 
requirements for as useful perceived medical technologies (Lahlou, 2008; Necheles 1998; 
Schmitt, 2002, Ziefle & Wilkowska, 2010; Zimmer & Chappell, 1999). 
Thus, the success of (future) healthcare technologies depends decisively on the extent to 
which technical developments meet the specific needs and demands of users and their 
willingness to use and integrate devices into their personal spaces (Gaul & Ziefle, 2009; 
Wilkowska et al., 2010).  One should be aware that these technologies fundamentally 
change the nature of social, economic and communicative pathways.  Communication 
and information are ubiquitous and overcome physical as well as mental borders.  
Sensitive and detailed information regarding persons’ health states and physical 
conditions are available everywhere and any time.  Within the public awareness, and 
especially for old and frail seniors, which only have little contact with these new 
technologies, these developments may implicate both, positive (productivity, mobility 
and growth), but also negative and threatening effects (violations of privacy, security 
concerns, infrastructure constraints and distrust in smart medical applications).  
Smart home - an example for a holistic interdisciplinary approach in the 
medical care sector 
Given the increased life expectancy and considering shortcomings in the care sector as 
well as bottlenecks within the health insurance funds, it is a basic question how older and 
frail people can stay in their private home keeping up mobility and independency for a 
longer time.  The maturity of information and communication technology on the one 
hand and of medical technology on the other basically allows technology to take over the 
monitoring and care.  Yet, there are already a huge variety of single solutions available 
(e.g. the emergency button as the most traditional until wearable sensors in combination 
with acoustic (microphone, e.g. Haines et al., 2009) or visual (video camera, e.g. Kim et 
al., 2010; Klack et al., 2010; Kourougi & Kurata, 2003) sensors up to solutions, which 
measure the contact forces that are applied to the ground by the users feet. 
However, single solutions are not far-reaching enough.  In order to minimize daily life 
health risks for old and frail people and to increase the independency and mobility of an 
aging society, new concepts for unobtrusive health monitoring within home environments 
are needed.  Implementation and integration of medical technology in living spaces 
requires a new conceptualization of medical device design. So far, design aspects of the 
interactive environments have been experimentally tried in controlled conditions, usually 
as an “artistic” installation. Little or no research has been carried out as to the cognizant 
effectiveness of interactive environments. 
Invisibility and unobtrusiveness of technical components combined with high technical 
reliability have to be major aspects to be respected within the guidelines for the design of 
future health monitoring devices.  In addition to technical features, technology at home 
also needs to be architectonically integrated in the personal living space and should not 
change the character of a comfortable and cozy home, respecting individual requirements 
for intimacy and privacy.  For a successful scenario in which both patients and health care 
institutions profit from home care solutions the technology has to be unobtrusive, 
affordable and reliable.  Patients have to be and feel as save as in a hospital combined 
with the comfort and the privacy of his normal home environment.  
In order to illustrate the potential and research duties of a living lab, the Future Care Lab, 
at RWTH University Germany, member of the European Network of Living Labs 
(ENoLL), is taken as an example.  The Future Care Lab is part of the eHealth project at 
RWTH Aachen University, funded by Excellence initiative of German State and Federal 
governments. The project focuses on patients with chronic heart diseases as a key 
application with high clinical demand and aims at developing novel, integrative models 
for the design of user-centered healthcare systems.  
The interdisciplinary project combines disciplinary expertise from psychology, 
communication science, medical engineering, architecture, computer science and 
mechanical engineering and combines different approaches, methods, and measures into a 
comprehensive and holistic interdisciplinary methodology.  Outcomes in different cycles 
of the development process are iteratively implemented and optimized. To examine how 
patients communicate with smart homecare environments, how they deal with invisible 
technology, and how the information is to be delivered such that it meets the 
requirements of timeliness, data protection, dignity as well as medical demands, an 
experimental space is necessary, which enables to study patients “life at home”.  
The lab is conceptualized and technically realized as an intelligent living room, equipped 
with different medical assist devices and interaction interfaces.  Its purpose is not only to 
test novel, integrative prototypes for personal healthcare systems in future home 
environments, but also to serve as a test bed for user studies.  A full-scale prototype room 
as part of a smart apartment had been built up, a simulated home environment, which 
enables researchers to test experimental interfaces with test persons of different ages and 
health states.  Different parts of the room (walls, floor, furniture) are used as input and 
output modalities for medical services, but also for daily needs (information, 
communication, but also electronic services in the entertainment sector).  
The wall of the living room represents a huge multi touch display covering a plane of 
4.8m x 2.4m.  Different interaction modes and input modalities are experimentally 
evaluated, comparing direct (touch input) and indirect mechanisms (gesture, mobile 
device). In Figure 1, a sketch of the conceptualized intelligent living room (left) and the 
realized living lab (right) is illustrated, in which medical technology and electronic 
services are integrated. 
 
Figure 1: Snapshot of the Future Care lab at RWTH Aachen University (© eHealth)  
!
 
In Figure 2, the interactive wall (left) and a simulation of an electronically mediated 
doctor patient communication (right) are illustrated. 
 
 
Figure 2: Left: The interactive multi touch wall. Right: Simulation of an 
electronically mediated doctor-patient communication (right) (© eHealth)  
 
But also the so far thumb floor evolved to another intelligent part of the living 
environment and delivers activity data of inhabitants.  While the multi-touch wall shifts 
the primary function of the wall as a room component towards an active, graphical in- 
and output device for human-computer interaction, the floor functionality has a more 
concealed role in the room (Klack et al, 2010b). 
The unobtrusive monitoring of old and frail persons’ movement behaviors is the key 
application of this room component.  A dense network of piezo-electric sensors records 
each pressure application to the floor (i.e. steps or fall events) followed by a mathematical 
analysis of pressure events.  The goal is to detect characteristic walking patterns, fall 
events or other abnormal movement behaviors that would indicate an emergency 
situation.  In case that such an emergency situation is detected the system may contact a 
professional medical personal.  In Figure 3, pressure sensors are illustrated, which have 
been implemented across the whole floor (left).  Meeting requirements of invisible 
technology, a parquet floor hides this technology (Figure 3, right). 
 
 
 
 
 
Figure 3: Insight into the sensored floor: Operation amplifier and microcontroller 
boards under the metal support structure for sensors and the floor tiles. A parquet 
floor hides the sensor technology (right) (© eHealth)  
Thus, users do not have to carry an emergency button and to activate the emergency call, 
which in a lot of cases is not possible, for example when the person is immobile or lost 
conscience.  Medical applications supported by the display wall are life size video 
consultations with the doctor or physical rehabilitation programs supported by interactive 
advises or games using the feedback channels of the floor and the wall.  For example, a 
recent application already realized is a sound game in which users are able to play music 
by changing position and executing steps, walking or dancing on the floor (not pictured 
here, http://www.ehealth.humtec.rwth-aachen.de/).  The direct melodious feedback  
encourages users and peatients to move and take exercise.  The sound provoked by each 
step, may enhance patients’ compliance and support medical aftercare.  
The medical focus, in particular, is on patients with chronic heart disease as a key 
application with high clinical demand, recurrent hospital stays, high morbidity, and 
mortality.  In this context our special focus is on patients with implanted mechanical 
blood pumps as one of the main research areas of medical engineering at RWTH Aachen 
University.  The sensory part of the system consists of biosensors that acquire patients’ 
vital data.  Our field studies (Alagöz et al., 2010) in leading heart centers (Bad 
Oeynhausen, Germany, Leuven University, Belgium) revealed four vital parameters to be 
essential: blood pressure, blood coagulation, body temperature, and weight.  Various 
state-of-the-art sensor technologies for non-contact or minimal invasive vital data 
monitoring are integrated and evaluated.  Figure 4 shows how medical technology is 
integrated in the lab (Beul et al., 2010) 
 
 
 
 
 
 
 
Figure 4: Integration of medical monitoring devices (Beul et al., 2010) 
On the left side next to the multi-touch wall an infrared camera and a scale are positioned 
behind the wall and under the floor.  In this configuration users’ body temperature and 
weight are monitored automatically in the background while they are interacting with the 
wall in that area.  In this setup the body core temperature can be measure precisely by 
analyzing the infrared image in the users eye or ear area (hot spots).  Two other medical 
devices -blood pressure and coagulation measurement- are integrated in a small table.  As 
both measurements rely on users’ input, the primary function of the implementation in a 
table is to make them less visible in the daily life context and less stigmatizing for the 
user in general. 
Another huge advantage of the living lab approach is the expandability of the system, 
which is interesting from an economic point of view.  It is not restricted to medical 
services, but can be expanded to completely different services, ranging from information 
and communication services (e.g. getting information from the internet), over entertaining 
services (cinema, video-phoning with relatives), to social services (virtual meetings, 
visiting remote family members), to living services (ordering food from the supermarket 
or drugs from the pharmacy).  Also, the digital room components might be used for 
atmospheric issues: light, tones, music can be integrated, which can have therapeutic or 
hedonic effects.  
However, there may be also some cautionary aspects, which need to be carefully 
considered within such smart approach.  The omnipresence of information may be 
perceived as a violation of personal intimacy limits, raising concerns about privacy, and 
loss of control (Gaul & Ziefle, 2010; Lalou, 2008).  So far, we have only limited 
knowledge about the fragile limits between the different poles: the wish to live 
independently at home and to feel safe, secure, and fully cared on the one hand and the 
feeling of loss of control and the disliking of intrusion in private spheres on the other. 
Acceptance studies are performed, addressing different technology user groups - healthy 
older adults, with beginning coronary heart disease, heart failure up to high urgency 
transplant patients equipped with artificial hearts (e.g. Gaul & Ziefle, 2010; Gaul et al, 
2010; Wilkowska et al., 2010; Ziefle & Wilkowska, 2010).  In addition, performance 
studies dealing with the interaction and communication of persons with their environment 
are undertaken. Outcomes contribute to an iterative development of the environment. 
Conclusion: The crucibles of age-sensitive technologies in the ehealth field 
Concluding, there are a number of essential requirements, which need to be considered 
for a user-centered technology development and design in the medical sector.  With a 
focus on an aging society, one of the most striking challenges for medical engineers is to 
develop medical support devices for the needs of the elderly, and especially for 
chronically diseased people in their home environments.  
Holistic and interdisciplinary technology development 
There is an urgent need to develop novel, integrative models for the design of user-
centered healthcare systems.  This demand includes new concepts of electronic 
monitoring systems within ambient living environments, which are suited to support 
persons individually (according to user profiles), adaptively (according to the course of 
disease), and sensitively (according to living conditions).  Thus the development of 
medical technology must be a common duty of different disciplines, as medicine, medical 
technology, engineering, architecture, communication science, ethics, psychology and 
sociology.  Only if the different disciplinary methods and perspectives are combined into 
technology development, humane and human technology designs may result. In those 
cases, higher acceptance can be achieved by a device design, which includes usability 
aspects and hedonic components from the very beginning.  In that way a medical device 
can turn into something that patients are proud to wear or to possess, just like a watch or a 
mobile phone, which are also assistive devices in a persons` daily life. 
Inclusion of potential users  
The most important modification in the traditional development approaches in the field of 
medical engineering is to include those users actively in the design process, for which the 
technology is designed.  A coherent user-centered design of medical devices will result in 
a medical technology, which is not only functional in an engineering way of thinking, but 
also addresses fundamental user needs in terms of appearance, ease of use and privacy. 
Especially in case of Ambient Assisted Living and Smart Healthcare systems this is of 
great importance for at least two reasons.  First, for most people there is no other place, 
which is more intimate and confiding than “the own four walls”.  Yet, accommodation is 
extremely important in human’s life for reasons of perceived safety, and it belongs to the 
basic human needs to feel protected, stable and secure.  Secondly, health is the greatest 
wealth and therefore a very sensitive and delicate topic – there is no higher good than this 
and everyone tries to protect it as long as somehow possible.  Thus, putting these two 
relevant aspects of human life together, it is all the more understandable that the 
involvement of end users, their perspectives, whishes and needs, into every step of the 
development process plays a great role for a successful rollout.  
Ecology of devices 
Traditional device development usually seems to assume that users are interacting with a 
single device in isolation.  But of course, this does not match reality.  User experience is 
embedded into a spatial context (e.g. homes), and this spatial and functional context 
defines the background against which the use of devices has to be constructed.  Thus, 
technical devices are to be conceptualized within a shared spatial context, where 
technology supports the users seamlessly through everyday objects (e.g. furniture), but 
also room components (e.g. floors, walls).  These environments may be designed to 
overtake different roles, functionalities and services, e.g. assisting and care (Smart home 
approach).  
Living Lab as a powerful research methodology 
To examine how patients actually and really communicate, interact and behave within 
smart homecare environments, an experimental space is necessary, which enables to feel 
the technology at home (user side) and study and understand the essential requirements 
(researchers’ and developers’ side).  This is of particular impact, as we can only 
understand potential usage barriers and perceived benefits if users can actively interact 
with the ambient environment and „feel” the impact of invisible technology at home.  Out 
of validity reasons, the experimental space is of central importance, as patients and 
caregivers need to experience and “feel” the technology to be used, in order to fairly 
evaluate it (Woolham & Frisby, 2002).  Further, persons might overemphasize their 
sensitiveness towards privacy violations if their judgments only rely on the imagination 
of using it (Cvrcek et al., 2006).  
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